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sion of tihermoplastic resins that, with con 
tmuing operation, power requirements will 
periodically increase and output simultaneously 
decrease. One result of this periodic change 
in output is that tihe thermoplastic extrudate 
will vary in size and shape so that an un- 
satisfactory product will result. Eventually, 
particularly with hard thermoplastics such as 
nylon, there may sometimes 'result a complete 
jamming of the screw which necessitates a 
costly and time-consuming shut-down to clean 
(the barrel and screw of the madhine. Examin- 
ation of such jammed screws has shown that 
pellets of the plastic have become caught, 
squeezed* and flattened between the flights of 
the screw and tihe cylindrical walls of the 
barrel It is apparent that these jammed pel- 
lets caused increased friction and heating with 
the result that increased power was required 
to turn tihe screw. More careful examination 
has revealed that tihese .pellets, as they softened 
and flattened, tended to stick to each other 
and to other pellets within tihe 'grooves of the 
screw, thus building up aggregates which 
would not move forward freely along the bar 
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_ _ d - — ~" ***£uxl o-v mjsti me pro- 
Wems of fluctuation of output and jamming 65 
of tihe screw (have not .been eliminated 
furthermore, tfliese devices have the disadvan- 
tage of partially blocking tihe opening between 
the hopper and the transport screw, thus 
restoctmg seriously tihe maximum throughout 
of the machines. 

An object of this invention is to provMe 
an improved means of transporting pellets 
or dhips of thermoplastic resins (from a reser- 
voir, such as a giravitynfeed! hopper, alone; a 
cylindrical barrel to the melting zone of the 
machine for continuously working, mixing and 
extrtidimg of the thermoplastic resin. Another 
object of this invention is to provide an 
^proved screw ^ which will deliver such 
tneimoplastic resin pellets at a -uniform rate 
trom tihe hopper along the cylindrical barrel 
or a machine such as a pksticator or an 
extruder and which will eHminate tihe periodic 
decline throughput and increase in power 
requirements with time often encountered in 
tne operation of such machines 
It is known to provide notches across the 
* of extrusion screws for the purpose 
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COMPLETE SPECIFICATION 
Extrusion Apparatus 

We, E. I. Du Pont de Nemours and Com- 
pany, a Coloration o^gatnized audi existing 
under the tars of the State of Delaware, 
United States of America, of Wilmington* 
5 State of Delaware, United! States of America, 
(assignees of Evert Ary Jan Mol) 3 «do (hereby 
declare the invention, for wMdh we pray that 
a ipatent may be granted to us, and the method 
by which it is to be performed, to 'be par- 
10 ticulairly described m and by the foUowing 
statement: — 

This invention idates to an extrusion appar- 
atus, suitable for processsmg thermoplastic 
resins. More 'particularly, it relates to an extra- 
15 sion screw in which the flights of the transport 
section of the screw each (have a groove cut 
out at a point near the Met or feed hopper. 

It lhas long been observed in tfe operation of 
'devices for (the plastication, mixing, and extru- 
20 sion of thermoplastic resins that, with con- 
tinuing operation, power requirements will 
periodically increase and output samutaneously 
cfecrease. One result of this periodic change 
in output is that the thermoplastic extnidate 
25 will vary in size and shape so that an un- 
satisdkictory product wMl result. Eventually, 
particularly with 'hard thermoplastics sucb as 
nylon, there may sometimes ^result: a (complete 
jamming of the screw wbidfo necessitates a 
30 costly and time-consuming shut-down to clean 
*he barrel and screw of die marihine. Examin- 
ation of sudh jammed screws lhas sbowai that 
pellets of the plastic (have become caugjht, 
squeezed, and flattened between die flights of 
35 the screw and the cylindrical walls of the 
barrel. It is apparent that these jammed pel- 
lets caused increased friction and heating with 
the result that increased power was required 
to turn the screw. More careful 'examination 
40 (has revealed that these pellets, as they softened 
and flattened, tended to stick to each other 
and to other pellets within the girooves of the 
screw, thus building up aggregates which 
would not move forward freely along the bar- 
45 rel. Such aggregates would act to restrict. 



sometimes to prevent altogether the for- 
ward transport of the tfam^astic pellets 
toward the melting zone of the machine. 

Various methods ihave been tried in the past 
to overcome the serious effect of this phenome- 
non. Thus in U.S. Patent 2,422,722 there is 
described! a device for attachment to the for- 
TTfard 'edge of the topper to provide a zone 
of varying cylindrical diameter in .which some 
or the caught, squeezed pdlets anight become 
disengaged. In U. S. Patent 2,671,930 there 
is described- a device for attachment to the 
wall of the hopper to provide a scraping action 
along the surfaces of the fligfe of the screw- 
However, even with tfe .use of such com- 
pMcated devices, it has been found 1 that many 
of the thermoplastic pellets become caogfht 
between the word edge of the hopper opening 
and tine moving screw fisgjht so that the pro- 
blems of fluctuation of output and jamming 
of tfe screw lhaive not been eliminated. 
Furthermore, these devices [have the disadvan- 
tage of partially ibioddng the opening between 
the hopper and the mransport screw, thus 
restmcting seriously the maximum throughput 
of the machines. 

An object of this invention is to provide 
an improved means of transporting pellets 
or chips of thermoplastic resins (fern a (reser- 
voir, suclh as a girwity-feed Ihopper, ailong a 
cylindrical barrel to the smieiting zone of the 
machine for continuously working, mixing, and 
extruding of the thermoplastic iesin. Another 
object of this invention is to provider art 
improved! screw which will deliver such 
thermoplastic resin pediets at a -uniform rate 
from the hopper along the cylindrical barrel 
of a machine such as a plasticator or an 
extruder and wfoich will eHminate the periodic 
decline throughput and increase in power 
requirements witfe time often encountered in 
die operation of such madhines. 

It is fcnowm to provide notches across the 
nmt of extrusion screw® for the purpose 
of allowing a back-flow of extroded material 
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and that at least one of tlhese notches is known 
to fee located; at the point where the flight 
meets the forward face of the Met to the 
sarew dhamber. 
5 According to the [present invention: there is 
provided an extrusion apparatus comprising 
a chamber having inlet and outlet aneans 5 a 
helical screw therein for propelling plastic 
material from tihe inlet to and through the 
10 outlet means, each flight of tihe screw being 
provided with a single (groove across the ridge 
thereof, eadh igroove being positioned at 'fihe 
point where each flight meets tihe forwafrd 
face of tihe Met to tihe screw idhaimber, eadh 
15 grooves being of width at most 15% of tihe 
circumference of tihe screw. 

Tihe helical screw may consist of a section 
for transporting and melting thermoplastic 
pellets and a section for working and! com- 
20 pressing the plastic and forcing it through a 
screen pack and die. 

When reference is made to " eadh flight M 
in this specification and tihe appended claims, 
tihe situation of a screw having only one flight 
25 is included. 

Figure 1 is a cross-section view taken on tihe 
axis of a screw which shows the transport sec- 
tion of a screw in place inside a banrel with a 
groove cut out of the flight at the intersection 
30 of said flight with tihe vertical projection of 
tihe forward edge of the 'hopper. 

Figure 2a is a plan view along axis of tihe 
screw illustrating a flight having a notch with 
its sides cut parallel to tihe axis of tihe screw. 
35 Figure 2b is a plan view of the sarew illus- 
trating a flight ihaving a groove with its sides 
cut perpendicular to the axis of the screw. 

Figure 2c is a plan view of a 'groove similar 
to that of Figures 2a and 2b except that the 
40 sides are cue at an acute angle to the axis of the 
screw. 

Figures 2d, 2e, and 2f are feagmentary cross- 
sectional views of a portion of the flight show- 
ing several possible configurations of tihe 
45 grooves of Figures 2a, 2b, and 2c. 

Figure 3a is a plan* view along axis of screw 
in which a senu-eHaptical groove is cut from 
the flight. 

Figure 3b is a cross-sectional view of the 
50 screw in which a semi-eHiptical groove cor- 
responding to that in Figure 3a is cut from 
the flight 

Figure 4 is a cross-sectional view similar to 
Figure 1 except tihat tihe transport section (has 
55 more than one flight with a groove cut from 
eadh flight where that flight meets the junc- 
ture of die forward edge of tihe hopper and! the 
fcaarel. 

Although tihis is not essential to tihe emlbodi- 
60 ment of this invention^ tihe preferred material 
of construction! of the screw is an alloy steel, 
a staMess steel or a oold-roHed steel. 

In Figure 1, at the point (1) wlhere the 
screw flight (2) of tihe feeding section of tihe 
«5 screw (3) contacts the meeting-point (4) of 



the cylindrical barrel (5) and the forward 
edge of the (hopper (6) a small .groove is cut 
out of tihe screw flight. Tihe size of tihis groove 
is sufliciendy large to allow an unmelted 
thermoplastic pellet to pass back therethrough. 70 
In the preferred embodiment of this inven- 
tion, jthis groove will be from 100%— 300% 
as wide and deep as tihe maximum dimension 
of the pellet. However, wlhere the outside dia- 
meter of the flight is large., as compared 75 
with tte size of tihe thermoplastic pellets, said 
groove should not be greater than 15% of tihe 
circumference of tihe screw-flight, and prefer- 
ably it should be 2% to 6% of this ckeurn- 
fertence. The depth of tihe groove will gener- 80 
aHy be limited co the depth of tihe screw 
flight but may be less dhan this where the 
depth of flight is 'greater than the maximum 
dimension of said tihermoplastic pellets. The 
shape of the groove is not critical since any 85 
generally concave shape is satisfactory. The 
sides of the notch may be parallel, perpendi- 
cular, or at an acute angle with respect to tihe 
axis of tihe screw as illustrated in Figures 2a, 
2b and 2c; tihe perpendicular art illustrated 90 
in Figure 2b is preferred. Equally well the 
cross section of tihe -groove may be semi-ellip- 
tical, as Mustrated in Figures 3a and 3b, 
provided tihat tihe minimum depth of the semi- 
ellipse is at least as 'great at tihe maximum 95 
dimension of tihe diermoplastic pellets which 
it is desired to transport with tihe sarew; 
generally U-shaped notches will function 
equally well. The maximum diameter (7) of 
tihe screw, pitch (8) of the screw flights, fligjit 100 
width (9), deptih (10) of tihe screw flights, and 
total length of tihe sorew are immaterial; to the 
embodiment and operations of tihis invention. 
However, tihe clearance between the outside 
diameter of the flights of the screw and the 105 
barrel walls -generally must be from 0.001 
inch to 0.003 inch per inch of barrel dia- 
meter, and tihe Ihelix angle of the flights of the 
transport section should be between 10° and 
30°. Furthermore, the screw may have a 110 
single start, as illustrated hi Figure 1, or 
it may have two or more starts as illustrated 
in Figure 4. Where the screw is constructed 
of multiple starts, a similar groove is cut in the 
flight of each start where thait screw-flight will 115 
contact the point (4) of Figure 4. 

It is possible to employ this invention in 
various types of machines for plasticating, 
worldng, and extruding the thermoplastic resin 
into various shapes, forms, and articles of com- 120 
merce. The construction of tihe screw beyond 
the transport region will depend upon the 
operation -which is to be performed upon the 
thermoplastic resin. Generally there will be 
a melting zone where the thermoplastic is con- 125 
verted into a fluid either by heat supplied 
througjh the walls of the cylindrical barrel, or 
by heat generated by mechanical working of the 
thermoplastic resin, or by a combination of 
both means. Beyond the melting zone there 130 
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may be an extrusion zone 'Where the com- 
pacted fluid resin is forced* by lie action of 
the screw, through various soieen packs and! 
dies to form filaments, rods, (tubes, sheets, or 
5 wire coverings as desired. 

This invention is further described and 
explained in the following examples which 
serve to illustrate specific embodiments and 
operation of the mvention : — 

10 Example 1. 

m In one particular embodiment of tMs inven- 
tion, a transport screw 30 indhes long was con- 
strocted of an alloy steel. Tihe extruder was 
similar to that shown in Figure 1, the maxi- 

15 mum' diameter of tihe screw (7) being 1.991 
indues, and tihe cyJindrical barrel being 2.000 
inches in diameter. The flight pitch (8) was 
2 inches, giving a helix angle (12) of 17.7°, 
the flight width (9) -was 0.200 inches, the depth 

20 of flight (10) was 0.250 inches, and tihe root 
diameter (11) was 1.491 inehea At tihe point 
(1) where the screw flight, with the screw in 
operating position witihin the cylindrical!: bar- 
rel would contact the point (4), a (groove 0.250 

25 inch wide and 0.250 inch deep was cut out 
of the screw flight. The bottom of the groove 
was cut (concentrically <witih tihe root of tihe 
screw and the sides of tihe groove were cut 
perpendicular to the axis of the screw* result- 

30 ing in a groove shown in Figure 2b and! 2d. 
Said screw, constructed as described herein- 
above, was inserted in a 30-indfo long cylin- 
drical!; barrel (5) and fastened in place by means 
of a coupling at (13) to a variable speed drive. 

35 This screw was started rotating at 40 revon 
lutions per minute. The hopper wa®r charged 
with commercial! nylon resin pellets having a 
parallelepiped shape; tihe size of these pellets 
was 0.125 by 0.125 by 0.250 inches, 

40 This assembly was operated without 
ajpplication of beat and witih no die 
on the end of the barrel; so that [through- 
put could be determined by collecting; tihe 
solid nylon pelte at the exit end of tihe cylin- 

45 drical barrel. The output of tihas screw under 
these conditions averaged 6.5 (grams per {revo- 
lution, varying between 5.0 and 7.5 igrams per 
revolution. It was observed! that no nylon 
pellets were caught 'between tihe forward edge 

50 of the hopper opening and itihe moving screw 
flight. A few pellets were temporarily trapped 
at tihe side edge of tihe hopper opening but 
moved f onward over tihe flight into the out-out 
notch and were released at this point. Thus 

55 no build-up of jammed, aggregated;, particles 
occurred, there was no heat buildup, and 
power requirements and throughput remained 
quite constant. 
By way of comparison arid contrast, a screw 

60 constructed according to identical specifications 
but without the (feature which; defines this 
invention, that is, without a 'groove rat from 
the screw fligjht, was installed in tihe same 
cylindrical ibanrel and operated hi tihe same 



manner, employing tihe same type of nylon 65 
pellets. In this case, tihe initial delivery rate 
gain was about 6.5 grams per revolution. 
However, at the end of five minutes' operating 
time, the output had fallen to less than 1.0 
grams per (revolution and tihe power (require- 70 
ments to turn the screw had! ssubstantially 
increased. As operation wag continued, sud- 
dm increases in output occurired 1 perio;dicaMy, 
followed by similar declines until tihe machine 
finally was aUimost jammed. The jammed 75 
machine was dismantled, and it was found that 
numerous pellets of nylon were squeezed and 
flattened between tihe screw-flight and tihe bar- 
red. Several aggregates of flattened pellets were 
found which could have efrectively blocked 80 
transport of tihe nylon pellets along the barrel. 

Example 2. 

In another particular embodiment of this 
invention, an extrusion screw 36 inches long 
was constructed of alloy steel. The idiametar of 85 
the screw was again 1.991 inches, and die first 
30 inches dkomi tihe tear toward the front 
(exit end) of tihe screw wa® constructed exactly 
as described for the transport screw of 
Example 1 including the point of invention, a 90 
■groove 0.250 inches wide and 0.250 inches deep 
cut faun the flight at the point (1) of Figure 
1 with .the same configuration as the notch des- 
cribed! in Example 1. In tihe final 6 inches of 
tihe screw the depth of flight was decreased 95 
from 0.250 inches to 0.060 inches, the decrease 
being made in a uniform manner over one 
turn of the flight. The flight pitdb was main- 
tained at 2 inches. 

This^ screw was inserted in a 40-inch long 100 
cylindrical barrel witih an internal diameter 
of 2.000 inches; it was fastened in place by 
means of a coupling to a variable speed drive 
at the rear. The barrel was provided with 
means for heating it electrically along its full 105 
length. Means were provided for circulating 
dMed water to .cool the neck of tihe hopper 
where it entered the heated cylindrical (barrel. 
At the forward end of tihe barrel, means were 
provided for attaching, interchangeably, dies 110 
for forming the extruded thermoplasdc resins 
into various shapes and forms. 

In tihe first 'experiment with the machine 
described above, a die for forming tihe extruded 
iresin into a f icEameter inch rod was atached 115 
to the end of tihe extrusion barrel, together witih 
appropriate screen packs. The screw was 
started torning at 50 revolutions per minute:, 
and tihe 'hopper was charged with the commer- 
cial nylon resin described in Example 1 The 120 
extruded rod of nylon was quenched in a water 
bath at it came from tihe die, and was then 
transported at a constant rate 'by means of 
passage through pinch (rolls to a cutter where 
at was cut into standard lengths. The rate of 125 
extrusion remained 'constant over the period's 
of operation {four hours or longer) and the dia- 
meter of the extruded rod never varied by more 
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than 4% from the average valuer f indh. 

By way of comparison and contrast, an 
extrusion -screw identical with the above tat 
lacking the point of invention, that is, without 
5 a 'groove cut in the flighty was operated in the 
same barretl under identical conditions with 
the same type of nylon itfennoplastic (resin. 
"The extrusion rate rapidly fell to about 80% 
of that obtained with the use of the screw 

10 embodying the disclosed invention. Tihe dia- 
meter of the exaruded rod obtained- with this 
screw varied fcy about ±20% from the aver- 
age dining each minute of operation. During 
an extended extrusion run with this screw, the 

15 screw nearly jammed on two occasions, at these 
times, the exftruded rod dwindled to a mere 
filament or broke entirely. 

Analogous, comparative results were 
obtained with the two screws described above 

20 when, instead of a rod die, a die for the 
production of tubes or a die for coating wire 
with the nylon resin was employed. It was 
found that the improved uniformity of output 
by means of this invention was of particularly 

25 igreat value in obtaining uniform coating of 
the resin on wire. 

Example 3. 
in another specific embodiment of this 
invention, a larger screw was constructed 

30 for extruding thermoplastic resins. Tihe trans- 
port section of said screw was 40 inches 
long. As illustrated in Figure 4, the maximum 
diameter {22} of said screw was 3.992 indies 
for use in a cylindrical barrel (having a 4.000 

35 inch inside diameter. Said transport section 
of said screw was constructed with two flights, 
(16) and (17). The flight pitch (23) of the 
aforesaid leads was 5 inches, giving a (helix 
angle (27) of 21.7°. The flight width (24) was 

40 made 0.400 indhes and the flight depth, (25) 
0.861 indhes. The soot diameter., (26) was 
2.270 indhes, At the point (14) and (15) where 
said screw flights, with said barrel in operating 
position within the aforesaid cylindrical bar- 

45 meJ, would normally contact the projection of 
point (19) of the forward edge (21) of the 
hopper-opening, semi-elliptical 'grooves 0.600 
indhes wide sand 0.250 inches deep, at the 
minor radius of the ellipse, were out out of 

50 said screw flights, as illustrated in Figures 
3a and 3b, which stows a perspective view and 
a cross-sectional view, respectively, of the 
aforesaid tgroove as cut from one flight of the 
screw. The sides of the groove were cut at 

55 about 45° to the axis of the screw as indi- 
cated in Figure 2c. 

Beyond the transport section of (the screw, 
the depth of flight of the screw was decreased 
to 0.200 inches, the decrease being made in a 

60 uniform manner over on turn of the flights 
(5 indhes). The flight pitch was maintained' at 
5 inches for the remainder of the lengtih of 
the screw (15 inches). The total flighted length 
of the screw was 60 inches. 



The overall length of the screw described 65 
was 6 feet, induding butt (29) and point. This 
screw was placed in a cylindrical barrel of 
equal length {having an internal diameter of 
4.000 indhes. Said screw was fastened by 
means of 'bolts at point (28) to a variable 70 
speed drive (mechanism. Means were provided 
to heat the entire length of the barrel electric- 
ally by use of three separately controlled, 
cylindrical band [heaters. Means were pro- 
vided to cool the ihopper where it entered the 75 
cylin-drical barrel to prevent softening and 
sticking cf the resin in the hopper. At the 
forward end of the barrel, means were pro- 
vided for attadhment of screen packs and of 
any one of a number of interchangeable extra- 80 
sion dies. 

In one particular experiment employing this 
screw, a standard pipe die for the extrusion 
of thermoplastic pipe of one inch outside dia- 
meter and 0.125 inch wall thickness was bolted 85 
to the end of the assembly described herein- 
above. The aforesaid screw was operated at 
45 revolutions per minute. The hopper of this 
extrusion app aratus was charged with the com- 
mercial nylon resin described in Example 1, M 
and sufficient heat was supplied through the 
walls of the barrel to melt the nylon resin 
by the time it reached the section of the screw 
having the shallower depth of flight. Nylon 
pipe extruded in this experiment was quenched 93 
in cold water and drawn through the quench 
bath at a constant rate by means of a pinch 
roll designed for grasping pipe. Production rate 
remained constant over extended periods of 
operation. Examination of the nylon pipe 100 
which was produced showed that it had a very 
uniform diameter and wall thickness. The uni- 
formity of this pipe reflected the exceptional 
uniformity of throughput obtained with this 
screw. 105 

The above examples are illustrative only, 
and are not intended as limiting the scope of 
this invention. Thus it should be obvious that 
anyone skilled in the art could construct 
screws with many variations in detail without 110 
going beyond the scope and intent of this 
invention. Obviously the length and the dia- 
meter of the screw can be varied over a wide 
range, the number of starts and the pitdh and 
depth of the flights of the transport section H3 
can be varied, and, in combination with- the 
transport section, there can be incorporated 
any construction suited to the operations to be 
performed upon the resin. Furthermore it is 
obvious that the point of invention is the con- 120 
struction of a 'groove in eadh flight of the trans- 
port section of the screw at the place where it 
will coincide with the points (4) or (19) of 
Figures 1 and 4, respectively. The size of the 
groove is limited only as disclosed hereinabove. 125 
The shape of the groove is not particularly 
important, being generally concave as illu- 
strated in Figures 2a, 2b, 2c, 2d, 2e, 2f, 3a, 
and 3b. The shape could equally well be a 
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U shape 3 provided only that dimensions of 
width and depth fail within the ranges herein- 
above disclosed 

As hereinabove described, this invention 

5 completely eliminates iflbe trapping of pellets, 
in the transport sections of extrusion screws, 
between the flights of the sarews and the walls 
of the cylindrical! barrels. Extrusions .of 
thermoplastic resins canned out with said 

10 screws can he continued for unlirnited periods 
of tiate without heat build-up*,, without major 
fluctuation in power irequirements, and wtwfe- 
out fluctuation in transport rate of the plastic 
pelets 'with resultant fluctuation in extrusion 

15 rate and accompanying fluctuation in the size 
and sfcape of the extruded! filament, trod, (bar, 
tube, wire covering, or sheet. A further 
advantage of this invention is that it can be 
embodied in a simple modification of existing 

20 machines with the result that expensive replace- 
ments or expensive and complicated modifica- 
tions of existing madunes, which may reduce 
the capacity of the machines without elimin- 
ating the problem, need not be imudie. 

25 WHAT WE CLAIM IS: — 

1. An extrusion apparatus comprising a 
dhamber having Met and outlet means', a 
helical screw therein for propelling plastic 
material to the inlet to and! through the 

30 outlet means, eadh flight of the screw being 
provided with a single groove across the ridge 
thereof, eadb 'groove being positioned at the 
point where eadhi flight meets tte forward' face 
of the inlet to the screw chamber, eadh igroove 

35 being of width at most 15% of -the circum- 
ference of the screw. 

2. Am apparatus as ^claimed in Qaim 1 
in which the helical screw* consists- of a section 
for transporting and melting thermoplastic 

40 pallets and a section for working and com- 
pressing the plastic and foirdng it through a 
screen pack and die, 

3. An apparatus as daimed in Claim 2 in 
whidh there is only one (groove in the trans- 

45 port section of the screw. 

4. An apparatus as claimed in any of Claims 
1 to 3 in which the width' of each groove is 



between 2% and 6% of the dircumference of 
the screw. 

5. An apparatus as daimed in any of Claims 50 
1 to 4 in wlhioh each igroove is semi-elliptical 

in cross-section. 

6. An apparatus as daimed in any of Claims 
1 to 5 in wfciah eadh igroove is U-shaped in 
cress-section. 55 

7. An apparatus as daimed in any of Claims 
1 to 6 in which the sides of each igroove are 
perpendicular to the axis of the screw. 

8. An apparatus as claimed in any of 
Claims 1 to 7 in whidh the clearance between 60 
the outside diameter of the flights of the screw 
and the dhamber walls is foam 0.001 to 0.003 
incihes per indh of chamber diameter. 

9. An apparatus as daimed in any of 
Claims 2 to 8 in which the helix angle of the 65 
flights of the transporting section of the screw 

is from 10° to 30°. 

10. An apparatus as daimed in any of 
Claims 1 to 9 in whidh itibe screw is con- 
structed of multiple smarts, similar grooves 70 
being cut in the fligjht of eadh start where the 
screw flight meets the forward face of the 
inlet ito the screw (chamber. 

11. An apparatus as daimed in any of 
Claims 1 to 10 in which there is heating 75 
means to heat the dhamber obtaining the 
sscrew. 

12. An apparatus as claimed in Claim 11 
in which there is an extrusion zone beyond 

the heating zone. gQ 
. 13. An apparatus as daimed in Claim 12 
in whidh the extrusion zone contains a die 
for the production of tubes or a die for coating 
wine with the tfearmopfestic materia]. & 

14. An extrusion apparatus according to 85 
Uaans 1 and substantially as teireinbefore des- 
cribed. 

15. An extrusion apparatus according to 
Claim 1 substantially as described in any of 

the foregoing examples and as illustrated in 90 
any of the accompanying figures. 

W. P. THOMPSON & CO., 
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Liverpool, 1, 
Ctatetred Patent Agents. 
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